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Abstract

“he. Cassini Spacecraft will be launched
onan expedition to Satur n in October 1997.
The mission is an eleven year operation, the
first seven years traveling to Saturn viaa
combination of propulsion bums and Venus-
Venus-Earth-Jupiter gravity -assist, and the
remaining four years orbiting Saturn while
exploring the planet, it's moons, rings, and
nearby icy satellites. The propulsion module
subsystem provides thrust and 1orque to the
spacecraft. Larger Delta- Vs are provided by a
primary (with redundant backup) pressure-
regulated 490-N engine, which burns nitrogen
terroxide (N-J-O) and monomethylhy drazine
(MM3}]); 1otal propellant capacity IS 3000 Kg.
Saturn Orbit Insertion (S01) is accomplished
with a 170-minute (maximum duratuon)
con tnuous firing of the bipropellant engine.
Atdtude control of the spacecraft iSmaintained
by 1-N thrusters (atotal of two redundant pairs
per each of four cluster s), which operatein a
blowdown mode, with the monopropellant
tank (containing 132. Kg of hydrazine)
recharged once from a dedicated helium
pressurant bottle. A significant development
program was iruplernented to provide design
verification of major assemblies, and to extend
the. performance capabilities of heritage
components. The thght hardware is currently
in the final integration and test phase prior o
shipment to JPL. for integration with the
spacecraft.

Introduction

“ Senior Member AJAA

Historical Backeround

Cassini has itS roots in the Saturnian
systern explorauon studies that beganin1989
with the CRAF/Cassini Program. That
Program involved 1wo separate spacecraft --
the CRAY (Comet Rendezvous and Asteroid
Flyby), originally targeted for a 1995 launch 1o
flyby an asteroid and eventually rendezvous
witha comet; and Cassini, dated for a 1996
launch 10 explore Saturn and itsmany satellites
and rings.

Although going through major changes
since itsincep tion, Cassinitemains an
intern ational cooperative effort of NASA,
which is producing the main orbiter spacecraft
(S/C); the European Space. Agency (ESA),
whichis providing the Huygens Probe; and the
Italian Space Agency (ASI), tesponsible for the
S/C radio antenna and portions of three
scientific experiments. The mission isS being
managed by NASA's Jet Propulsion
laboratory (JP1.), where the orbiter is being,
designed, built and tested.

inkeeping with the international flavor
of CRAF/Cassini fiom its inception, the
earliest S/IC Propulsion Subsystern was to be
built by the Federal Republic of Germany
(FRG). Technically, the Germans were.
conuibuung one propulsion subsystem for the
CRAF Mission and aspare subsystem that was
1o be. used for the Cassini Mission. Fromthe
start, the Propulsion Subsystern consisted of a
large, helium regulated bipropellant system,
andamuch sipalle 1 hydrazine systern for
reaction control and smaller AV maneuvers.
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Due 10 budget cuts in 1992, the Cassini
Program was downsized, and the CRAF S/IC
was canceled. Following this decision, the
FRGelected m end their participation in the
Program. At that point, the decision was made
a1t JPL 1o procure the entire Propulsion
Subsystem from industry. This propulsion
contract was eventually won by Lockheed
Martin Astronautics in Denver and started in
April 1993.

Spacecrafl Descripuon

The propulsion module forms the core
of the Cassini Spacecraft, sandwiched between
the upper and lower equipment modules. The
Cassini Propulsion Module Subsystem (PMS)
features a stand-alone, modular configuration,
designed to be assembled, tested, rind loaded
independent from the remainder of the S/C.
Figure 1 sShows an isometric view of the
spacecraft, delineaung the location of the
propulsion rnodule.

In addition to interfacing with the upper
and lower equipment modules, the PMS
provides the structural support 1merface for the
Huygen'sProbe. The upper equipment
module comains the majority of the spacecraft
subsystems and science instrume nts, while the
lower equipment module provides support for
the RTG's which supply spacecraft power and
waste heat for thermal control of the spacecraft.
The PMS is cocooned in an aluminum Kapton
thermal blanket between the two equipment
modules. This blanket also provides micro-
nicteor oid protecuon.

Mission Descnption

In October 1997, the two-story high
Cassin1 S/C is scheduled to begin uncleven-
year odyssey that will include a cruise phase to
Saturn, covering almost seven years, followed
by afour-year exploration of Saturn's rings,
moons, and icy satellites. A Titan TV/Centaur
launch vehicle is utilized for injecting the S/IC
into inter-planetary cruise. Once on its way 1o
Saturn, the S/IC fliesa VVEJIGA trgectory,
involving gravity assists from two Venus
flybys and one each from Eanth and Jupiter
before arriving at Saturn in July of 2.004, as
lustrated in Figure 2.. A large burn of the
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bipropellant rocket engine is used to slow the
S/C for Saturn orbitinsertion (S01).

Oncein orbit, the mission explores
Saturn for four years: its moons, rings, and the
Satumign magnetic environment. Cassini also
carries the Huygens Probe which is designed
to study the atmosphere andsurface of
Saturn's largest moon, Titan. The probe will
be released from the S/C some months after
SOI; it' stargeted 1o arnve at Titan and begin its
parachute descent 1o the surface in November
2004. The probe will provide the first view of
Titan's surface and the first direct sampling of
its atmospheric chemustry.

System Design Requirements

Esﬂ)gg ign Requirements
Some of thekey systemdesign

1equirements that drove the design of the PMS

WEere:
Elevenyear operational capability
Standalone design to accommodate off-
ling testing and servicing
Nosingle point failures except for the
standard structural exemptions
3,000 kg bipropellant capacity (MMH
and N204)
131 kg monopropellant hydrazine
capacity (N2H4)
Cornmon He pressurant supply for the
bipropellant and monopropellant
systems
All welded fluid system
Redundant bipropellant rocket enginc
capable of up to 200 startsand a
continuous burn duration of 170
minutes

- Redundant hydrazine thrusters capable

of up to 267,000 pulses and a
continuous burn duration of 120
minutes
Total PMS dry mass less than 512 kg
(excluding cabling, engine gimbal
actuators, and thermal blankets)
Tight control on magnetic fields,
including use of compensation magne:ts
for valve solenoids.
Special outgassing requirements
Tequiring vacuum bakeout and/or
special handling during fabrication
/assembly.

Amcricanlnstitie Of Aeronautics andAstonautics
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Post-MQ Design Changes

The PMS design had progressedtio a
PDR-level mawnty at the tne of the Mars
Observer (MO) failure. The original design
incorporated a single. He pressurant tank and
pressure Control Assembly (PCA)thal
provided regulated pressure 1o both the.
monopropellant and bipropellant systems. As
aresult of concerns stemming fromthe
subsequent MO failure review, a number of
sweeping changes were made to the Cassin
PMS design.

One of the leading potential causes of
the MO failure was the condensation of
propellant vapors in the pressurant system
lines. This liquid slug may have reacted in the
lines with liquid from the other bipropellant, or
may have been forced into the opposite
bipropellant tank, reacting violently and
rupturing the tank. To preclude a similar
problern on Cassini, several major design
changes were. implemented between PIDR and
CDR.

The first significant configuranon
change. was m separate the bipropellant and
monopropellant pressurizationsystems, as
shown in Yagure 3. The monopropeliant
system was changed 1o a rechargeable
blowdowu system patterned after the
successful Magellan propulsionsystent.

In order 10 imit the quantity of oxidizer
Vapor avai l able in the pressurization system, a
burst disk assembly and a*‘ladder” of eight
normally open (NO) and normally closed (NC)
pyro valves were added betweenthe PCA and
the oxidizer tank. This new hardware
combination allows oxidizer vapor isolation for
over 90% of the mission. The accumulaton of
oxidizer vapor poses a triple threat because. itis
particularly corrosive, can combine with fuel
vapors and fortn a sticky sludge, and can
condense. A similar pyro ladder could not be
added to control fuel wvapor due. to limitanons of
the existing pyro system.

During periods when the oxidizer 1ank

is pyro isolated, aleaking regulator would
present a Serious problem since the leaking
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helium would flow into the fuel tank. This
would lead to mixture ratio problemns, and
eventually a concern for struciural integrity of
the tank itself. Therefore, it was necessary to
add aladder of six NO/NC pyro valves
between the high pressure helivm tank and the
I’CA. Whenever the oxidizer tank s isolated,
the heliom tank will also be isolated from the
PCA.

In order to prevent the formation of
liquid in the pressurization system due to
propellant vapor condensation, heaters were
added 1o the Pressurant Control Assembly.
Also, the PCA mounting structure was
changed fromaluminumn to fiberglass to reduce
the heat loss and thereby minimize the required
heater power.

Mission.. Requirements

Nominal Mission Scenano

The primary launch period opens on
October 6, 1997, and lasts for three to four
weeks. ‘I’ able 1 lists the key propulsion
maneuvers requited for thislong ant]
challenging mission. There may be. as many as
100 additional AV maneuvers during the Satum
tour.

One of the major challenges for the
PMS isto maintain the balance between
controlling the migration of bipropellant vapors
throughout the pressurization system while still
providing sufficient tank pressures at all irnes
[0 keep the bipropellant engine operating within
its qualified regime. This leads to the desire 10
performas much of the mission as possible
with the bipropellant tanks regulated. On the
other hand, based upon concerns over the
haninful effects of bipropellant vapor
condensation and mixing, there isadesire m
keep the oxidizer tank isolated as much as
possible, therefore requiring blow-down
operation Of the engine, Finally, isolating the
high pressure helium source as much as
possible is also important to rninimize tank
pressure increases froma leaking regulator.

_  The selecied bipropellant vapor
isolation strategy for the primary mission is
shown in the lastcolumn of ‘I-able 1. As

Amenzan Instiwic of Aeronautics and AStronautic’s
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indicated, the primary mission requires three
pressurization system opcn/close cycles o meet
the above stated objectives: 1) the firstcycle
pressurizes the. bipropellant Links shortly
before the first trgjectory correction maneuver
(I'CM-1) and pyroisolates approximately a
month after ‘|-CM- 1 (providing adequate time. m
accomplish helium saturation of each
bipropellant); 2) the second cycle re-
pressurizes the system shortly before the Deep
Space Maneuver (13SM- 1) and pyro isolates &
day after; and 3) the final cycle Te-pressurize
the system around 30 days before the critical
Satumn Orbit Insertion (S01) maneuver (1o
perform an SOI practice maneuver) and pyro
isolates a day after the Perijove Raise
Maneuver (PRM). For this scenario, the
oxidizer vaporsare isolated for all but 141 days
of the mission (isolated more than 96% of the
eleven-year total), and the bipropellant tank
pressures fallto only 219 psia for the portion
of the mission up to SOI'and to only 200 psia
by end of mission (FOM).

‘The final pyro isolation following the
critical SOl maneuver may be skipped, or at
leastdeferred, as long as the PMS
pressurization system performance is nominal.
This Will maximize engine performance and
propellant utilization with little mission risk,
since the system can be 1solated at the firstsign
of vouble. Blowdown operations initiated with
the. wank ullage conditions existing at that time
is acceptable for the remainder of the mission.

Mission Dependency-on PMS Design

Consideringthe pyro valve resources
avatlable for pressurization system isolation,
the question arises as 1o the ability of the PMS
to meet the previousl y stated objectives for the
possible combinations of launch periods and
different mission types (primary, secondary,
and backup). Since 1t is not feasible m look at
every combination of variables, each of the
three mission types were compared for three
different launch periods -- early, mid, and late,
whit}] bounds the solution. The result of this
analysis IS shown In Table 2.

As seenin Table 2, the secondary and
backup missions both require four pyro
isolation cycles (compared to three for the
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primary nussion)to approximate the regulator
on-line time of the primary mission. Even with
the exura cycle, the cumulauve on-line time is
greater and the minimum blowdown pressures
are lower. As blowdown pressures are.
lowered the engine becomes more susceptible
1o performance degradation (chugging rind loss
of Isp), which must be accommodated in
mission operations. As in the case of the
primary mission, final isolation after PRM 18
viewed as opuional for these mission scenarios,
as long as pressurization system performance
is nominal.

Propulsion Subsystem Description

The concept and early configuration of
the Propulsion Module Subsystem (PMS) had
1ts beginnings at MBB in Germany when the
Program included both CRAF and Cassini.
After the CRAT- mission was deleted JP1.
beganworking in-house to further define the
propulsion subsystem concept that would
deliver the spacecraft and Huygens Probe 1o
Sawrn. The decision wasmade to contract for
the subsysicinand Martin Mariena Astronautics
(later becoming Lockheed Marun Astronautics)
was selected to build, westand deliver the PMS,
and suppon it’ssystem testing and servicing
through launch. A design transfer process
occur-red between JPL. and LMA at the
beginning of the subcontract, at which point
1.MA startedthe process of design
development leading to procurement of
hardware and parts, fabncauon of the
subsystem, and subsystem leve) acceptance
westing. During this ume JPL. personnel
worked closely with 1.MA Integrated Product
I’cams, together accomplishing the completed
and verified PMS deveIIopment.

The resulting PMS is configured in a
modular approach both with respect 1o the
remainder of the spacecraft, and within the
PMS itself, as shown in Figure 4. The cenual
cylindrical core structute suppons two largrc
identical Ripropellant Tank Assemblies (BTA)
inthe center (fucl located above the oxidizer);
the remaining propulsion assemblies are
located aroundthe exter | Or. Major elements
auached tothe exteniorare altligh Pressure
Tank Assembly (1TA), two Pressurant

Amencan Insttute of Acronautics and Astonaglics
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Control Assemblies (PCA 1 and PCA?),1wo
Propellant Isolation Assemblies (PIA 1 and
PIA2), aMonopropellant Tank Assembly
(MTA), a Main Engine Assembly (MFA) and
Thruster Cluster Assemblies (TCA) supported
viarigid tripod boom assemblies to the core.

The BTAs are 49-inch diameter,
cylindrical 6Al- 4V Titanium tanks wit} h passive.
vane-type Propellant Management Devices
(PMDs), which are similar in configuration o
those used in the Viking Orbiter Tanks. Tank
volurne isanominal 49 cubic fect. The
pressurant tube and liquid outlet line both enter
the Jower dome of the tank through a common
fitting. The tank maximum operating pressure
at45°Cis 330 psi. The shells were designed
using a Fracture Mechanics Factor of Safety
(FMFS) of 1.35 up through thelast man-rated
pressure cycle of the first service life, and 1.15
through the rernainder of the furst service life.
An FMES equal [0 1.0 was used for service
lives two through four. The MTA iSa 6A)-4V
Titantum tank with an AF-F-332 diaphragm,
designed for a maximum operating pressure at
45*C of 420 psi.

The HTA is a composite vessel with
graphite cpoxy exterior over anh aluminum
liner. Maximum operating pressure is 3741
psiaat45°C. The RTA isasmall 6Al-4V
Titanium sphere of (). 3cubic foot volume,,
with amaximum operaung pressure of 3000
psia. Jtis used ina continuous flow, single
event blowdown mode 1o resupply pressure
(techarge) 10 the MTA midway through the
mission.

The Main Engine Assembly (MEA)
consists of redundant Kaiser-Marquardt R4-D
490- N Rocket Engines Assemblies (REAS).
Sincethe enure mission is designed to use the
A-side engine only, with the B-side as a
backup, a gimbal assembly was 1incorpor ated
into the mounting of each REA to account for
center-of-mass alignment during all mission
main engine burns. Heaters are provided on
the engine. mounting plates and oxidizer valves
for adequate thermal control during tines of
significant cold temperature excursions.

Spacecraftautude is provided by 1-N
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hydrazine thrusters built by Olin Aerospace. A
total of & thrusters, one eachintheY and Z
durections at each of 4 cluster locations provide.
mancuvering capability up to 7203 seconds
during asingle firing. A completely redundant
set of thrustersis also provided, for atotal
allotment of 16 thrusiers. These thrusters
utilize a fast response Moog valve similar to
that used on the Voyager busters to provide
minimum impulse bits on the order of 15mN-
SEC.

The PMS schematic is presented in
Figure 5. The totally separate bipropellant and
monopropellant assemblies are included on the
schematic. Theschemanc readily illustrates the
high degree of component and system
funcuonal redundancy built into the Pressurant
Control Assemblies (PCAland PCA2) and the
Propellant 1 solation Assemblies (PIA 1 and
}'1A?). Alsoillustrated on the schematic isthe
significant number of pressure transducers and
leTuperature Sensors.

The high pressure poruon of PCA 1
extends from the }HI'TA to the pyro valves
upstream Of the redundant regulators; the
components and lines are stainless steel with a
transition tube interfacing with [he aluminum
liner outlet onthe HTA. A set of pyro valves
and Burst discs1solates the. remainder of the
PCAs from the bipropellant tanks. The tanks
are launched with a pad pressure of 100 psia,
andthe PCA pressure between the regul ators
and the pyro valves/burst discsis held at 50
psia forlaunch 10 preclude premature acuvation
of the burst discs, whichare set for 4 70 psi
differenual. The burstdisc assemblies are
included primarily for vapor migration control
dunng ground handling since the wtanks are
scheduled for loading as much as six months
before launch (Note: The PMS will be loaded
in SAEF2 and then h ansported to PHSF where
the rematnder of the spacecraft will be
assembled around the loaded PMS).

The feedsystemn plumbing downsuream
of the tanks is launched with a pad pressure of
100 psia also. The feed system plumbing is
mostly titanium, the notable exceptions being
pyro valves and the. main engine valves. This
was selected 1o preclude significant ferric

American Institutcof Aeronautics and Astronautics
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nitrate formation during the 11- yearmission
life. Once the Cassini spacecraft reaches orbit,
hearers rmounted on the BTAs will be activated
to increase propellant temperature to control
thermal ratchet potential associated with the
significant amount of pressurant required for
early mission bums, and initial tank
pressunization to the nominal 240 psia level.

Once the tanks are fully pressurized the
A-side Main Engine feedlines are filled with
propellant. A Venturi is included in each line
to minimize the water hammer effects. The B-
side engine lines are not charged unless a
decision is made m activate the B-side engine.
Afier the completion of the first main engine
bum and periodically at other umes during the
mission, the normally open (NO) pyro valves
upstcamm Of the oxidizer tank and between the.
HTA and the regulator are fired closed o
prevent oxidizer vapor from traveling upstream
and mixing with fuel vapor 1o form reactant
products. Isolating the HTA precludes
potential system overpressure conditions from
leaky components, since thisisnornnally
handled by the large volume potential offer cd
by the propellant tanks. Fault protectionfor
overpressure conditions is akey system design
feature. “he mainengine can beoperatedin a
blowdown mode for some uajectory conrecnon
mancuvers While the isolation system is
operative, precluding regulated propellant feed
to the engine.

The hydrazine tank is vacuum |oaded,
the latch valves arc opened and the lines are
wetted to the thruster valves. Following
stabilization the latch valves are closed for
launch after pressurizing to the 400 psi flight
level. The bulk of the hydrazine isisolated
from the thrusters at launch by two mechanical
seats (latch valve and thruster valve), During
flight, the monopropellant hydrazine supply is
continuously operating in a blowdown
scenario. Once approximately a quarter of the
132 K¢ of hydrazine has been fed 1o the
thrusters, the MTA pressure canberecha ged
by firing one of the redundant pyro val ves,
whi ch allows the RTA 1o discharge the much
higher pressure helium into the MTA for
TEpressurizatuon.

IOE 97 1e93
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The PMS electrical block diagram is
presented in Figure 6. The flight power and
lelemetry interfaces associated with the PMS
flight components are listed along with the
number oOf specific electrical elements
imerfacing with either the flight PMS
Electronic Assembly (PMSEA), which is
mounted to the PMS Core Structure., or the
other spacecraft subsystems (power and pyro
subsystem, attitude and articulation contro)
subsystem and command and data subsystem).

A total of 228 individual interfuces are
accommodated. A total of 81 temperature
sensors and 18 pressure transducers provide
system health status together with 10 latch
valve position indicators. Due to the. relatively
long (up [090 minutes one way)
communication timme With the spacecraft,
autonomous fault protection is provided for
critical mission events. The most significant of
these events is the Satwr n orbit Insertion (S01)
bum, which lasts between 95 and 1-/5 minutes
depending on the specific mission operations
scenario enacted when the spacecraft arrives at
Saturn. If @major main engine failure occurs
and REA pressure or temperatures exceed
redlines, then the fault protection system
autornatically termunates the burn. A umner is
then set, which will start the second engine
after a 60-minute hold programmedto alow
for second engine cooldown from 1adiation
heating, prior to its firing to complete the SOI,

The PMS mnass and power summaries
are iternized in Table 4. The dry masses of the
individual assembliesare listed along with
other mass nurubers for supports, brackets,
Clarups and other miscellaneous hardware,
including all PMS system interconnecting,
tbing and supports, The significant size of
the subsystem flight hardware is indicated by
the nearly 500 Kg of dry mass. The propellant
and pressurant capacity is over 3140 Kg. This
represents by far the largest, highest delta
velocity stage designed and builifor planetary
MISSIONS. The power for those conponent s
using spacecraft electrical power are also
presented in the table. These valves are for
wor st - cast, steady state operation (¢xcept for
first100 msec of REA valve operation).
Voltagevaluesrange from 29.01030.25

American Insutute of Aeronauucs and Astronautics
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except for [he RFA valve during the first 100
msec, which was activated by 2.6.7 volts.

The PMS has completed fabrication and
assembly in Denver. The flight haidware 1S
shown in Figure 7. The fully assembled
subsystem is shown in thecenter of [he. figure,
surrounded by views of some of the
assemblies. The subsystem is shown standing
on a mobile work platform thatis used to
uansport the PMS within handling and
servicing facilities at Denver. JP1. or the
Kennedy Space Center prior to its final
integration with the remainder of the
spacecraft. Also shown is a breakoutbox used
during final acceptance testing in Denver m
status component performance. The hardware
is set to be shipped to JPL. the end of July or
early August 1996, where it will be integrated
with the rest of the spacecraft prior 1o
procecding into sysiem environmental tesung,.

Swmpary

A propulsion module subsyster has
been designed. built, tested and is now ready
for delivery to JPL for spacectaft integration,
and environmental and integrated spacecr aft
functional testing. It will then be disassembled
from the. spacecraft, and delivered mthe
Kennedy Space Center, where itwill be loaded
with propellant, reassembled with the
spacecr aft and prepared for the October 1997
Cassini launch aboard a Titan JV Centaur.

The PMS represents the largestand
most flexible planctary propulsion subsystem
yet built. Jt has the required capability 1o
deliver the spacecraftand science payloadio
Saturn during the firstseven years from
launch, and carry out the planned exploration
of the Saturian system over the next fouryears.
Extensive hardware and system design
development has been accomplished to push
the previously characterized performance
boundaries 1o new limits, and to provide
sufficient redundancy and fault protection to
enhance confidence of mission successin the
face of the unknowns that accompany such an
aggressive mission 1o such an interesting part
of our Solar System.

5
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Table 4 Mass and Power Summary

Major  Assemblies

- Svucure (core)

- BTA (ox and fud)

-HTA

-MIA

- HTA & M-I-A suppons’

-PCA-1

-PCA-2

- PIA-1

-PIA- 2

- PIA & PCA suppors *

- MEA (including engines)

- MEA struts & fittings

- TCA (including thrusters

- TCA booms & fittings
System Interconnect hardware
and supports

TOTAL. PMS DRY MASS

Helium

Hydrazine

MMI1

NTO

TOTA). PMS WET MASS

Component Power
Consumption

- Pressure transduces

- TVA Catbed hearer

- Thruster valve

- 1P latch valve

- LP gas latch valve

- Monoprop latch valve

- Riprop laich valve

- REA valve (] st1100 msec)

- REA valve (after ] 00 msec)

- MEA plate heater (prim&sec)
- REA Ox valve heater

- BTA heater (primé& sec)

- PCA 1 & 2 heater (pimé&sec)
- He line heater
* worst case

Mass - Kg
1111
147.7
41.6
18.9
9.7
253
7.8
18.8
9.8
10.0
357
52
13,8
19.3
19.1

491.9

8.7
132.0
1132.0
1868.0
3632.6

Power -
Watts*
0.30
2.30
4.35
11.03
11.03
10.61
49.92
83.60

8.72
2.39
41.78
9/43
0.55
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Table 3 Cassini PMS Components

Component Supplier Flight Heritage /
Similarity
Ripropellent Tanks (BTA) Lockheed Martin New Design (Qualified)
Astronautics
Monopropellant Tank (MTA) Pl:r)%slsure Systems Inc Shuttle APU, Magellan
Heliurn Tank Assembly Lincoln Composites New Design (Qualified)
(HTA)
Recharge Tanks Assembly Arde New Design (Qualified)
(RTA)
Rocket Engine Assembly Kaiser Marquardt 1ABS, Mars Observer (Qualified
(RCA) for expanded operational
envelope)
Matn Engine Assembly (MEA  Lockheed Martin Dew Design (Qualified
ASUronautics
Thrusters Ohn Aerospace Voyager (0.2 1b thruster with
Corporation (OAC) Moog valve)
High Pressure Latch Valve Eaton EURECA Intelsat VI CORE,
DSP (Delta Qualified)
1.ow Pressure Latch Valve Eaion EURECA Intelsat VI COBE,
DSP (Delta Qualified)
Propellant Riprop Latch Valve  Vacco Numerous commercial / military
) spacecraft (Delta Qualified)
Filters Vacco Numerous commercia / military
spacectaft (Deha Qualified)
Pyro valves (all SS) OEA Numerous spacecraft staring
with Viking (requalified)
Services valves (SS & Ti) OFA Numerous spacecraft
Pressure Regulator Mu Space Components  Heritage design (Requalified)
Check valves *Quad package  Sierer Hentage design from Galileo -

requalified as individual valve
and quad assembly

Flexline (Titanium) Avica New Design (Qualified)

Venwn (Titanium) Flow Systems New Design (Qualified)

Burst Disc Assembly Hydrodyne Heritage Design (New Supplier .
Requalified)

Temperature Sensors Rosemount Numerous spacecraft

Pressure Transducers Gulton-Statham ACTS, DMSP (requalified for
design modifications)

Heaters (tanks, plates, engine Tayco Numerous spacecraft

valves)

9
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FIGURE 3-2

CASSINI TYPICAL BASELINE
TRAJECTORY
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A Liente..
s g |

| Pre- Pre-
Event or Days Maneuvel | Maneuver Pyro
Phase End | From High AV | Pressure Mass Isolatiom
Event Date Launch ({mps) (psia) (kgq) Status
‘Launch [10/22/87] o 0o _ 100 | 5609 |.Isolated
Press'n | 11/13/97] 22 0 __ 250 | _ 5609 0-1- 1
YCM-1 _11mei97] 25 | 24 |_250.| 5609 | Regulated
Post Sat) 12/15/97 55 0 250 5564 c-1
TCM-2 | 3/3/98] 132 3.5 250 5564 | Blowdown
TCM-3 4/12/98| 172 0.3 | 243 | _5557 Blowdown
Venus-1| 5/2/98] 192 0 |_.243 | 5557
TCM-4 | 5/22/98] 212 25.6 205 | 5557 | Blowdgm
Repress | 11/30/98] 404 | 0 |_205 [5509. 0-2
DSM-1 | 12/2/98| 406 4354 | 25 || 5509]Requlated
Isolate | 12/3/98] 407 0 250 4760 c-2
TCM-5 | 1/5/99] 440 13.8 250 4760 Blowdown
TCM-6 | 4/25/991 550 0.6 | 245 | 4738 | Blowdown
TCM-7 | 6/4/99] 590 | 0.1 | 245 | 4737 | Blowdown
Venus-2| _6/24/99] 610 | 0 _.245 4737 | Blowdown
TCM-8 7/4/99| 620 | 82.7 245 4737 [ Blowdown
TCM-9 | 7/19/99| 635 | 6.8 218 __| 4607 | Blowdown
JCM-10| 8/8/99] 655 | 3.8 | 216 | 4597 | Blowdown
Earth | 8/18/99] 665 | © 215 4591 | -
TCM-11 ]| 9/7/99] 685 45.7 204 . | 4591 Blowdown
TCM-12 | 6/12/00] 964 2.2 _ 203 4521 Blowdown
TCM-13 ]110/10/00 1084 0.7 _ 203 _ 4518 Blowdown
T.Qy!_-léufj 2/9/00 | 1144 | 1 B 203 4517 Blowdown
Repress 6/1/04] 2414 o | 203 4515 0-3
SOl | 7/1/04] 2444 | 594 | _ 250 | 4515 Regulated,
PR 9/16/04) 2521 264 | _ 25 Q_-_ _ 3701 Regulated
lsolate 9/17/04| 2522 0 250 3387 c-3
ODM | 12/3/04] 2599 | 38 250 3387 Blowdown
_Tour 7/1/08] 3905 497 246 | 3344 Blowdown
EOM 7/1/08 3905 | 0 203 2830 -
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1996, 0E-2
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/’7)""'}’/

Table®- - /Mé 74)" éﬁ:f{:f /éxdfo\;; (facé

MITS 1)

CASSINIMISSION TYPE

Primary Mission

Secondary Mission

Backup Mission

'. Number of Nominal
iegulator Pyro Isolation
‘vents

3 Opens/3 Closes

4 Opens/4 Closes

4 Opens/4 Closes

'. Regulator On-line
*eriods

a. Pre/Post TCM- 1

b. Deep Space
Maneuvers

c. SOl to FIRM
Maneuvers

1) Open 2-3 days prior to
TCM-1; Close 30 days
after TCM-1

2) Open 2 days prior to
DSM-1; Close 1 day
after DSM-1

3) Open 30 days prior to
SOI: Close 1 day
after PRM

1) Same as Primary

2) Open 2 days prior to
TCM-4; Close 1 day
after TCM-4

3) Open 2 days prior to
TCM-8; Close 1 day
after TCM-9

4) Same as Primary

1) Same as Primary

2) Open 2 days prior to
TCM-5; Close 1 day
after TCM-5

3) Open 2 days prior to
TCM-11; Close 1 day
after TCM-11

4) Same as Primary

PMS Configuration
uring Earth Swingby
'eriods

mode with no pyro firings

“Benign State” i.e., blowdown

Same as Primary

Same as Primary

Cumulative Regulator

OM (q)

)n-line Time (Davys) 141 144 169
. Minimum Blowdown
lipropellant Tank
ressure (psia):
Prior to SOI 201 206 184
At EOM 180 174 178
Estimated ‘Vapor
leaction Products at 0.0049 0.0095 0.0295
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